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SUMMARY: Results are presented from a second 
cross-sectional assessment of the association of air pollution with 
chronic respiratory health of children participating in the Six 
Cities Study of Air Pollution and Health. Air pollution' 
measurements collected at quality-controlled monitoring stations 
included total suspended particulates (TSP), particulate matter 
less than 15 vim (PM. 5) and 2.5 vim (PM_ 2 ^_ 5 ) aerodynamic diameter, 
fine fraction aerosol sulphate (FSO4), SD2, O3, and NO2. Reported 
rates of chronic cough, bronchitis, and chest illness during the 
1980-1981 school year were positively associated with all measures 
of particulate pollution (TSP, PM ^ , PM2_c / and FSO4) and positively 
but less strongly associated wixii concentrations of two of the 
gases (SO2 and: NO2) . Frequency of earache also tended to be 
associated with particulate concentrations, but no associations 
were found with asthma, persistent wheeze, hay fever, or 
nonrespiratory illness. No associations were found between 
pollutant concentrations and any of the pulmonary function measures 
considered (FVC, FEVi, FEV , and MMEF). Children with a history 
of wheeze or asthma had a”much higher prevalence of respiratory 
symptoms, and there was some evidence that the association between 
air pollutant concentrations and symptom rates was stronger among 
children with these markers for hyperreactive airways. These data 
provide further evidence that rates of respiratory illnesses and 
symptoms are elevated among children living in cities with high 
particulate pollution. They also suggest that children with 
hyperreactive airways may be particularly susceptible to other 
respiratory symptoms when exposed to these pollutants. The lack 
of association between pollutant concentrations and measures of 
both pulmonary flow and volume suggests, however, that these 
increased rates of illness are not associated with permanent loss 
of pulmonary function, at least in the preadolescent years. 
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Introduction 

fii recent report ( 1 ) from the Six Cities 
Study of Air Pollution and Health de¬ 
scribe a strong association between fre¬ 
quencies of chronic cough, bronchitis, 
and chest illness in preadolescent school¬ 
children and concentrations of particu¬ 
late and sulfur oxide air pollution in six 
communities in the eastern United States. 
Illness and symptom rates were higher 
by approximately a factor of two in the 
community with the highest air pollution 
concentrations compared with the com¬ 
munity with the lowest conccniraiions- 
No association was found, however, be¬ 
tween air pollution concentrations and 
two measures of pulmonary function, 
FVC and FEV,. Because the health data 
were gathered between 1974 and 1980, on¬ 
ly three pollutant variables, total sus¬ 
pended particulates (TSP), the sulfate 
fraction of TSP (TSO 4 ), and sulfur di¬ 
oxide concentrations (SOj), were consist 
tently available for this analysis. These 
measurements were gathered from' sta> 
tions operated by a variety of public and 
priv ate agencies. Analysis of limited da¬ 
ta on spatial and temporal variability of 
air pollution concentrations and respi¬ 
ratory health within the six cities found 
an association between total sulfate 
(TSO*) concentrations and respiratory ill¬ 
ness and symptom rates, but not with 
TSP or SO,. 

These results raised several issues re¬ 
quiring further investigation. (/) To what 
extent could these results be replicated 
using air pollution measurements 
gathered under standardized procedures 
established as part of the Six Cities 
Study? (2) Was the respiratory health sta¬ 
tus of study children associated with ci¬ 
ther of two measures of size-fractionated 
particulate matter, aerodynamic di¬ 
ameter less than 15 pm (PMt») and less 
than 2.5 pm (PMj»)? Did ozone (O,) or 
nitrogen dioxide (NO 2 ) concentrations 
have a direct effect on respiratory health 
or modify the associations with other 
pollutants? (5) Could associations be 
found between air pollution concentra¬ 
tions and potentially more sensitive 


measures of small airways impairment 
(FEVo ,s and MMEF) obtained from digi¬ 
tized analysis of the spiromctric tracings? 
(4) Could sensitive subgroups of the 
study population be identified? 

This study investigated each of these 
issues by analyzing the respiratory health 
of the original cohort of the school chil¬ 
dren reexamined during the 1980^1981 
school year, a period during which all 
elements of the study’s air pollution 
measurement program, including size- 
fractionated particle measurements, were 
available in all six cities. 

Methods 

Populations Studied and Survey 

procedures 

The cohort of school children has been de¬ 
scribed clsewhcTt (1-3)^ Briefly, the children 
were initially seen as first- and second-graders 
attending schools in study communities dur¬ 
ing the enrollment period between 1974 and 
1979. Each child had had an annual follow¬ 
up examination consisting of a respiratory 
symptom questionnaire completed by a par¬ 
ent and a spiromctric examination performed 
at school. Health data used in this report were 
collected during the 1980-1981 school year. 
Three cities were visited between September 
and December, 1980: Watertown, MA; St. 


Louis, MO; and Portage, WI. And three were 
visited between January and April, 1981: 
Kingston-Harriman, TN; Steubenville, OH; 
and Topeka, KS. 

Five respiratory illness and symptom re¬ 
sponses obtained from the questionnaire were 
considered: bronchitis, cough, chest illness. 


(Recej ved in original form Sovem ber 16, !9S7 and 
in revised form September 26, 1988^ 
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wheeze, and asthma (4). Bronchitis required 
a doaor's diagnosis in the last year; chronic 
cough was defined as being present for 3 
months in the last year, chest illness required 
restriaion of activities of 3 days or more. Per¬ 
sistent wheeze was defined as wheeze apart 
from colds or for most days or nights in the 
last year. Asthma required the reporting of 
a doctor's diagnosis. 

Three symptoms not cxpeacd to be relat¬ 
ed to air pollution were also considered: ear¬ 
ache, hay fever, and nonrespiratory illness or 
trauma that restricted activities for 3 days or 
more. 

The spirometric examination has been de¬ 
scribed elsewhere (5). Briefly, the examina¬ 
tion was performed using a water-filled 
recording spirometer (Survey Spirometer; 
Warren E. Collins, Braintree, MA) with the 
child in a sitting position without a noseclip. 
Each tracing was examined in the school by 
the local study coordinaton Those judged ac- 
cepuble by standard criteria (4) were digitized 
centrally (6). The three best tracings varying 
by less than 150 ml were averaged to calculate 
the FE V,, FEV« T», and FVC, and the tracing 
with the highest sum of FEV, and FVC was 
used to calculate the maximal midexpiratory 
flow (MMEF). All values were corrected to 
body temperature and pressure saturated with 
water (btps). The child’s height and weight 
were measured in stockinged feet and record¬ 
ed to the nearest centimeter and pound. 

Air Po/iujiort Afeasurements 
A centrally located air monitoring station \^as 
established in each community at the time of 
the first health examinationi SO*. NOj. Oi. 
and meieorologic variables were measured 
continuously. Iniegraied 24-h TSP samples 
were collected on a regular schedule: TSP sam¬ 
ples were mailed to a central laboratory* for 
determination of total mass concentration. 
Each site was audited semiannually by an in¬ 
dependent agency using National Bureau of 
Standards traceable reference standards (7). 

Beginning in 1978, dichotomous aerosol 
samplers were installed at each study site (8). 
The inlet of these samplers removes the ling¬ 
er particles (507* cut-size at 15 pm aer¬ 
odynamic diameter). The aerosol is then 
divided into two fractions: the fine fraction 
with aerodynamic diameter less than 2.5 pm, 
and the coarse fraction between 2.5 and 15 
pm. The two fraaions were analyzed for mass 
concentration by beu-ray attenuation (9) and 
for elemental concentration by x-ray fluores¬ 
cence (10). PM,» is the sum of the fine and 
coarse fraaions. All elemental sulfur has been 
assumed to be present as sulfate ion (SO«). 
Ail dichotomous samplers were operation^ 
for at least 1 yr prior to the 1980-1981 school 
year. 

Daily mean concentrations of SOa, NOa, 
and Oa were obtained by averaging hourly 
concentrations for each day with at least 18 
hourly values. Three measures of particle mass 
(PMa.a, PM,», and TSP) were considered, as 
well as the concentration of elemental sulfate 
in the fine fraaioHi denoted here as FSO*. 


Monthly means were calculated for each pol¬ 
lutant averaging all available daily values. 
An air pollution exposure in the previous year 
was calculated for each child by averaging the 
monthly means for the 12 months preceding 
the month of the spirometric examination. 

Statistical Methods 

Prevbusly rtponed analyses of illness and 
symptom rates and of pulmonary funaion 
I^Ls esublished that city-to-city variation 
in health outcomes was larger than would be 
expeaed given interindividual variation in 
h^th outcomes (1). To account for this vari¬ 
ability, we used two-siep mahods to analyze 
the health outcomes. In the analysis of ill¬ 
ness and symptom rates, an initial logistic 
regression was used to estimate the adjusted 
logit of illness frequency in each of the six 
cities, controlling for sex, age, maternal smok¬ 
ing, and the presence of a gas stove in the 
home. In the second step, these estimated 
logits were regressed against the dty-spedfic 
air pollution measurements using weights that 
were inversely proponional to the sum of the 
between-dty variance and the within-dty vari¬ 
ance of the adjusted logits. The results of this 
regression art summarized here by the esti¬ 
mated relative odds of the illness or symp¬ 
tom rate in the most polluted and least pol¬ 
luted city. Ninety-five percent confidence in¬ 
tervals (95 Cl) for these relative odds were 
calculated using Miettinen's test-based ap¬ 
proximation (II). 

For the pulmonary funaion measures, the 
same general scheme was used. In the first 
step, the logarithms of individual pulmonary 
funaion measurements were fitted to a line¬ 
ar function of the logarithm of height, age, 
maternal smoking, indicators for sex, paren¬ 
tal education, gas cooking, and an interac¬ 
tion between sex and logarithm of height. In 
the second step, the adjusted city-specific 
means of the logarithms of pulmonary func¬ 
tion measures Here regress^ on the air pol¬ 
lution variables. Each pollution variable was 
considered separately. The regression results 
are summarized by the estimated percentage 
difference in pulmonary funaion level be¬ 
tween the most polluted and least polluted 
cities. This difference is given by the an- 
tilogarithm of the regression coefficient times 
the difference in pollutant concentrations. 
Ninety-five percent confidence intervals were 
calculated in the logarithmic scale, again using 
a test-based approximation. 


TABLE 1 

CITY-SPECIFIC AGE OlSTRlBimON OF WHITE 
CHILDREN IN COHORT 



10 yr 

11 yr 

12 yr 

Total 

PortAQ*. Wl 

285 

282 

245 

812 

TopM. KS 

2S2 

503 

388 

1.213 

WAlartown, MA 

240 

277 

260 

777 

Kingston. TN 

106 

108 

227 

531 

St. Louts. MO 

283 

363 

350 

996 

StouOonvW*. OH 

377 

357 

359 

1.093 

ToiaI 

1,543 

2.070 

1,809 

5,422 


A potentially sensitive subsa of the popu¬ 
lation was defined by the presence of report- 
ed asthnui or persistent wheeze. The two-step 
analysis was repeated to produce separate es¬ 
timates of the air pollution associations in 
children with and without asthma or wheeze. 
In the first step, city-specific rates of respira¬ 
tory symptoms were calculated for each group, 
after adjusting for the associations with sex, 
age; parental education, maternal smoking 
and gas stoves in the combined sample. In 
the second step, the dty-specific adjusted rates 
were regressed on air pollution, separately for 
children with and without asthma or wheeze. 
An analogous procedure was used for analy¬ 
sis of pulmonary funaion measurements. 


A total of 8,131 children were seen dur¬ 
ing the 198(K198I school year. Because 
the cnrollincnt period varied among cit¬ 
ies, the age distributions of these chil¬ 
dren also varied among cities. To avoid 
confounding caused by age and race, the 
analysis was restricted to the 5,422 !()• 
to 12-yr-old white children examined in 
the 1980-1981 school year (table 1). 

Adjustment for Covariates 
Each symptom was analyzed using a 
logistic regression model including sex, 
age, indicators of parental education, 
maternal smoking (cigarettes per day), 
an indicator for gas stove, and an indica¬ 
tor for each of the cities. Maternal smok^ 
ing was significantly ass$:iated with mo^ 
symptoms (table 2). The coefficients for 
the respiratory symptoms investigated in 
the earlier report (bronchitis, chronic 
cough, chest illness, and p>ersistent 
wheeze) were consistent with values ob¬ 
tained from analysis of the earlier exami¬ 
nation (2). Asthma rates were not signif¬ 
icantly associated with maternal smok¬ 
ing. Of the referent symptoms, earache 
was significantly associated with 
na! smoking, whereas nonrespiiatory i^ 
ness and hay fever were not: As in th^ 
earlier^cxaminations of these children# 

not! 

pr^fSbr m curm symp¬ 

toms. Hay fever was negatively associat¬ 
ed with the presence of a gas stove, non¬ 
respiratory illness was positively associat¬ 
ed, and no association was found for 
earache. 

The logarithm of pulmonary function 
was fitted to a multiple linear regression 
model including sex, sex-specific log of 
height, age, indicators of parental edu¬ 
cation, maternal smoking, an indicator 
for gas stove, and indicators for each city. 
Matemalr smoking was negatively te 
sociat^ with an measures of lung fur^ 
tion <Sbcpt FVC (Uble 3). For FVC ar.d 
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FEVi, the coefficients were comparable 
to those reported previously (2), The 
strongest associations were found for 
FEV» T» and MMEF, two measures not 
available in the earlier analysis. Because 
FVC was positively associated with 
maternal smoking, the ratios of FEVi 
and MMEF to FVC both had strong 
Degative associations with maternal 
smoking. 

The presence of a gas stove was nega^ 
tivcly associated with FVC, FEVj, and 
FEVo Ts . These deficits were not statisti¬ 
cally significant, but were comparable to 
earlier estimates (2). MMEF and the ra¬ 
tio measures were positively associated 
with gas stove, but the associations were 
not statistically significant. 

The city-specific symptom prevalence 
and pulmonary function levels, adjust^ 
ed to the population distribution of the 
covariates described above, arc given in 
table 4. 

Associations with Air Pollutant 
Concentrations 

City-specific annual means of the 24-h 
average air pollution concentrations were 
calculated for the 12 months preceding 
the examination of each child and aver¬ 
aged for each city (table 4). For most pol¬ 
lutants, the annual pollution means were 
lowest in Portage, Topeka, and Water- 
town and highest in iCingston, St. Louis, 
and Steubenville. Ozone concentrations, 
however, were highest in the communi¬ 
ties with low concentrations of other pol¬ 
lutants. Except for ozone, the correla¬ 
tions among pairs of pollution measures 
varied between 0.53 and 0.98. Ozone con¬ 
centrations were negatively correlated 
with all other pollutants, -0;96withNO2 
and between - 0.78 and - 0.73 otherwise. 

Results from regression of the adjust¬ 
ed logits of symptom frequencies on the 
air pollutant concentrations, expressed 
as the relative odds of a positive response 
in the most- and least-polluted city, are 
given in uble 5. Over the range of TSP 
concentrations observed (34:1 to 80.0 pg/ 
m^) (table 4), the odds of bronchitis were 
estimated to increase by a factor of 2.31 
with a 95^0 Cl of 0.79 to 6.78, and simi¬ 
lar results were obtained for PM,* (fig¬ 
ure 1), PMi $, and FSO*, the three other 
measures of particle mass. The associa¬ 
tion was statistically significant only for 
PMi*. Smaller and nonsignificant assod- 
ations with bronchitis rates were found 
for SOi and NOi. No association was 
found between ozone concentrations and 
bronchitis rates. Sex-specific regressions 
did not indicate any difference in re¬ 
sponse between the sexes. For example, 


TABLE 2 

ESTIMATED REL>TTVE OOOS (95% CO^^FIDENCE INTERVAL) OF REPORTED 
SYMPTOMS VERSUS MATERNAL SMOKING AND GAS STOVES. ADJUSTED 
FOR SEX. AGE. PARENTAL EDUCATION AND CITY OF RESIDENCE IN 
CHILDREN 10 TO 12 YEARS OF AGE. SIX CITIES STUDY: 1980-1981 
SCH(X>t YEAR 



MothoYs Smoking 
(TptcWcMy) 

Gas Stovos 

Rospiratory lymptomi 

Bronchitis 

1.28 (1.07. 153) 

1.02 (0 77. , 1.35) 

Chronic cough 

1.18 (0 98. 1.41) 

0.66 (0 67, , T. 16) 

Ghost iHnass 

1.17 (1.01* 155) 

0.97 (0.79, 150) 

Porsislont whoozo 

150 (1.04, 1.40) 

0-89 (0.71. 1.11) 

Asthma 

1.07 (0.85. 1.34) 

0.76 (0 54. 1.05) 

Roftfonco symptoms 

Hay Hivor 

0.92(0.78,1.08) 

0.70 (0.56. 0.87) 

Earacho 

151 (1.09, 1.35) 

0.95 (0 81; 1.12) 

Nonrospiratory Wnoss 

1.16 (0.94. 1.42) 

1.30 (0.96. 1.76) 


TABLE 3 

ESTIMATED PERCENT EFFECTi (95% CONRDENCE INTERVAL) OF MATERNAL 
SMOKING AND GAS STOVES ON PULMONARY, FUNCTION ADJUSTED FOR 
SEX. SEX-SPECIFIC LOGARITHM, OF HEIGHT, AGE. PARENTAL 
EDUCATION. AND CITY OF RESIDENCE IN CHILDREN 10 TO 
12 YEARS OF AGE. SIX CITIES STUDY; 1980-1981 SCHOOL 
YEAR 


Motner's Smoking 

(1 pack/cMy) Gas StovM 


FVC 

♦ 0.6% ( 

•►0.1, 

♦ 1.1) 

-0.5%' (-1.2. 

♦ 0.2) 

FEV, 

-0.4% ( 

-0.9. 

♦ 0.2) 

-0.3%' (-1.1, 

♦ 0.5) 


-0.7% ( 

-15, 

-0.2) 

-0.2% (-1.0. 

♦ 0 6) 

MMEF 

-3.4% ( 

-4 5, 

-2 4) 

♦ 1.0% (-0.5. 

♦ 2.6) 

FEV,/FVC 

-1.0% ( 

-1.3. 

-07) 

♦ 0.3% (rO.2. 

♦ 0 7) 

MMEF/FVe 

-3,9% ( 

-4 9. 

-2 9) 

♦ 1.5% (>- 0.0, 

♦ 3.0) 


TABLE 4 


CrTY-SPEGlFlC RATES OF SYMPTOMS. PULMONARY FUNCTION. AND 12-MONTH MEAN 
POLLUTION (X)NCENT!RAT10NS FOR CHILDREN 10 TO 12 YEARS OF AGE SIX CITIES 
STUDY: 1980^1981 SCHOOL YEAR 



Porugt 

Topeka 

Watertown 

Kingston 1 

Stj Louis 


Respiratory symptoms. % 







Brortchifis 

3.6 

6.0 

47 

100 

6.4 

6,1 

Chronic ocHigh 

3.0 

7.3 

2.3 

6.7 

6.6 

8.7 

Chest Mness 

7.6 

11.7 

9.3 

15.9 

75 

16.1 

Persistent wheeze 

0.6 

11.4 

66 

106 

8.9 

0.6 

Asthma 

51 

5.9 

35 

4.4 

3.4 

3.3 

Referertce symptoms. % 







Hay fever 

20.0 

22.7 

12.1 

23.1 

32.6 

23 1 

Earache 

10.7 

12.6 

10.9 

6.7 

12.7 

5.7 

Nonrespthitory Mness 

4.9 

4.3 

6.0 

51 

4.5 

4.5 

Pulmonary function, L 







FVC 

2.556 

2.492 

2.511 

2.487 

5511 

2.539 

FEV, 

2525 

2.142 

2.178 

2.156 

5166 

2.191 

FEV,.,,, 

2 042 

1.960 

5002 

1.068 

1.063 

2.007 

MMEF 

2.635 

2.529 

2.585 

5607 

5589 

2.611 

Pulmonary function ratioe 







FEV,/FVC 

0.870 

0.659 

0.867 

0 868 

0.862 

0.663 

MMEF/FVC 

1.030 

1.014 

1.030 

1.047 

1.031 

1.030 

Particulate pollution, 







TSP 

34.1 

632 

S3.8 

638 

BOO 

715 

PM„ 

20.1 

33.4 

2S.8 

42.3 

37.8 

56 6 

PM,., 

12.7 

11:8 

17.7 

25.7 

22.0 

36 7 

FSO, 

45 

3.2 

5.7 

7.9 

7.1 

13 0 

Gaseous polluhon. pph 







SO, 

4.2 

3.5 

10.5 

6.5 

13.5 

27.8 

NO, 

6.5 

12.7 

199 

15.4 

22.6 

226 

0, 

37.6 

305 

22.0 

25.4 

232 

160 


Omhmoon of •Obfwviatipm TSP • I0U< partictm: PM„ ind PM,.* • pvbcuiMt m«»f than 15 a"* 2.5 

MftxfynwTHC di«rTiM*r: FSO. • fino- f rociaon Mro»oi tulfA}*. 
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ESTIMATED RELATIVE OOOS OF SYMPTOMS AND 95% CONFIDENCE INTERVAL BETWEEN THE 
MOST POLLUTED AND LEAST POLLUTED CmES FOE EACH POUUTAWT UNIVARlATELY 



TSP 

PM,. 

PM,^ 

FSO. 

SO, 

NO, 

0, 

RMpimory iymplom 








BrondHttt 

2.3 

25 

ai 

2.0 

ia 

1.7 

05 


(0.6. 6.8) 

(1.1. 6.1) 

(0.6. 5.9) 

(0.6. 6.7) 

(0.4. sa) 

(Oa. 55) 

(OZ 1.7) 

Chionic cough 

3.4 

a7 

as 

a2 

ia 

1.6 

0.6 


(0.7. 14.^ 

(in, 13.5) 

(04. isa) 

(0.3. 15a) 

(oa, las) 

(oa. 10.5) 

(0.1. 45) 

ChMl Moms 
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the estimated odds for bronchitis versus to increase by approximately a factor of 
PMtsW^ 2.4S for boys and 2.60 for ^rls. two across the range of particulate ex- 
Similar associations were found for posurts. Much weaker positive associa- 
chronic cough and chest illnesses. The lions were found with SO 2 and NOb, and 
odds of reported illness were estimated a negative association with ozone. 
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Persistent wheeze was not associated 
with any of the air pollution measures. 
Asthma rates were negatively associated 
with all pollutants except ozone. A simi¬ 
lar pattern was found for hay fever, sug¬ 
gesting a higher reporting among those 
children in the more rural communities. 
Asthma and hay fever rates were posi¬ 
tively associated with annual mean ozone 
concentrations—estimated relative odds 
for asthma, 1.88 (95<7o Cl, 1.03 to 3.43) 
and for hay fever, 1.62 (95 ^0 Cl, 0.44 to 
6.0). Of the other two reference symp¬ 
toms considered, earache had a weak 
positive association with the particulate 
measures, and nonrespiratory illness had 
estimated relative odds very close to one 
for each pollutant. 

Only TSP concentration was consis¬ 
tently associated with estimated lower 
levels of pulmonary funaion. Over the 
range of concentrations observed, the 
largest deficit, (95*7* Cl, -6.5 

to +I.2 VaX was found forFEVo n. There 
was little evidence for an association be¬ 
tween lower pulmonary function level 
and the annual mean concentration of 
any other pollutant. 

Susceptible Populations 
The prevalence of respiratory symptoms 
was much higher among the 571 children 
with asthma or persistent wheeze than 
among children without these symptoms. 
Bronchitis was reported among 25.5^» of 
the children with asthma or wheeze ver¬ 
sus 4.0^ among those without; for 
chronic cough the rates were 29.5% ver- 
sus 3.2%^ and for chest illness 36.5% ver¬ 
sus 7;6%. Although FVC was only 0.3% 
lower among these children with ast"im9 


Source: https://www.industrydocuments.ucsf.edu/docs/rqyx0000 
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table e without asthma or wheeze did not show 

cenUATEO RELATTVE ODDS OF RESPIRATORY SYMPTOMS AND 9S^ CONFIDENCE INTERVAL any aSSOCiationS (figure 3). 

^ BETWEEN THE MOST; POLLUTED AND LEAST POLLUTED CtTY FOR EACH POLLUTANT! 

UNIVAflIATELY. STRATIFIED BY REPORTED ASTHMA OR PERSISTENT WHEEZE DiSCUaslon 


SO, The first aim of these analyses was to rc- 

- — examine the previously reported associ« 

105 ^ 3 ) between air pollution concentra- 

^ 2 0' tions and respiratory illness and symp- 
(0.3,14 3) tom rates in the same children an average 
2 of 3 yr older, using exposure data of 
.(0.5.11.7) documented quality obtained under a 
pj standardized protocol. These rcanalyses 

showed associations of particulate and 
(0.4.5.6) sulfur oxide concentrations with respi- 
^ ® ratory illness and symptom rates that cor- 
respond closely to those found in the 
earlier analyses. Thus, these findings 
cannot be attributed to errors in the 
measurement of ambient air pollution 
ose with concentrations. 

In the earlier analyses (1). annual mean 
adjusted TSP concentrations varied between 39.3 
ion levels pg/m* in Portage and 114.1 pg/m^ in 
with and Steubenville. This range was associated 
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orwheeze, FEV» was4.5*7o lower, FEVo.„ 
was 4 . 3^0 lower* and MMEF was 10.6% 
lower. These children were considered as 
a potentially susceptible subgroup^ and 
the associations between air pollutant 
concentrations and adjusted city-specific 
respiratory symptom rates and pulmo¬ 
nary’ function levels for children with and 
without these symptoms were compared, 
The estimated relative odds over the 
range of each of the particulate mea¬ 
sures and SOi is given separately for the 
two groups in table 6, Bronchitis rates 
gave relative odds of 2.2 (95% Cl, 1.1 to 
4.2) versus PM,$ for children without 
asthma or wheeze. The estimated rela¬ 
tive odds were higher, 3.8 (95% Cl, 0.9 
to 15.5), for those reporting asthma or 
wheeze. Children reporting asthma or 
wheeze not only had a higher prevalence 
of bronchitis, but apparently a stronger 
association with PMi» concentrations 
(relative odds ratio, 3.8/2.2 » 1.7; 95% 
Cl, 0.5 to 6.3). Although this difference 
is not statistickQy rignificant on the logis¬ 
tic scale, when these resuiu are plotted 
on a linear prevalence scale (figure 2), 
it is clear that children with asthma or 
wheeze were reporting most of the ex¬ 
cess number of cases of bronchitis in the 
more polluted communities. Similar as¬ 
sociations were found between bronchi¬ 
tis and each of the other particulate mea¬ 
sures. The associations of bronchitis with 
SO) were smaller in magnitude than with 
the particulate measures, but were larger 
for children with asthma or wheeze than 
for those without (table 6). Results for 
chest illness in the past year were com¬ 
parable to those for bronchitis, except 
that the SOi association was smaller 
among children with asthma or wheeze. 
The association between pollutant con¬ 
centration and chronic cough was not 


stronger^ however^ among those with 
asthma or wheeze (table 6). 

Separate regressions of the adjusted 
city-specific pulmonary function levels 
on air pollution for children with and 
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with a between-cities relative odds for 
chronic cough of 2.13 with a 95*7o Cl of 
1.63 to 2.77. Similarly, the relative odds 
were 2.13 (95^70 Cl. 1.08 to 4.18) for bron¬ 
chitis. 134 ( 95^0 Cl, 0.70 to 2.55) for 
chest illness, and 1.23 {95^o Cl, 0.76 to 
7.00) for persistent wheeze. Despite a de¬ 
cline in the TSP concentrations in the 
most polluted cities, Steubenville and St. 
Louis, between the first two examinations 
in the 1975 to 1977 school years and the 
1980-1981 school year, the estimated rel¬ 
ative odds obtained in the current analy¬ 
sis are comparable to those obtained ear¬ 
lier. The estimated relative odds for the 
referent symptoms of hay fever and non- 
respiratory illness were not elevated. A 
positive association was found between 
earache and particulate pollution, al¬ 
though the association was far from 
statistical significance. This Is consistent 
with the increased prevalence of earache 
associated with maternal smoking (tabltl), 
The differences in respiratory illness 
reporting between cities may represent 
differences in the samples of children that 
are unrelated to air p>ollution exposure. 


Those cities visited in the spring have 
been noted to have both higher rates of 
respiratory symptom reporting and high¬ 
er air pollution values. Hence, the posi¬ 
tive associations may be attribuuble in 
part to better recall of symptoms in the 
previous winter when questionnaires were 
administered in the spring compared with 
those administered in the fall. When sea¬ 
son of examination was included in the 
regression analyses, the estimated rela¬ 
tive od^ of symptom reporting were re¬ 
duced. For example, the estimated effect 
of PMj* on reported bronchitis was re¬ 
duced from 2.52 (table 5) to 1.97 when 
adjusted for season. Other potential con- 
founders include differences in interpre¬ 
tation of the questionnaire by the respon¬ 
dent and persistent differences in illness 
or reporting rates associated with ethnic 
or cultural factors. 

The city-specific symptom reporting 
rates and adjusted level of pulmonary 
function have been shown to be consis¬ 
tent within each city year to year ( 1 ). 
However, the variability of these sum¬ 
mary measures between cities was larger 


then the random fiuctuation between in¬ 
dividuals would predia. Because of this 
clustering effect in the data, two-step 
methods were used to analyze the health 
outcomes. The effect of these methods 
is to produce conservative estimates of 
the statistical significance of the report¬ 
ed associations compared with common¬ 
ly used methods. For example, if bron¬ 
chitis were regressed on PM,i exposure 
for each child, adjusting for covariates 
in a logistic mo^ a highly significant pos¬ 
itive association is found (p = 0.000024). 
Using the two-step method, bronchitis 
had a marginally significant positive as¬ 
sociation with PMit (p * 0.016). The es¬ 
timated odds ratios are similar in both 
cases. The confidence intervals present¬ 
ed here reflect this adjustment for the 
clustering of response within city. 

In the previous report, data from 3 yr 
were considered in each city, and three 
of the cities (Kingston-Harriman, St. 
Louis, and Steubenville) were divided into 
two exposure regions based on topogra¬ 
phy, local sources of pollutants, and air 
pollution measurements from multiple 
monitors. This permitted evaluation of 
the covariance of health status and air 
pollution within cities. By 1980; there was 
no evidence for spatial differences in ex¬ 
posure within Kingston-Harriman orSt- 
Louis. The air monitor in SteubenvilJc 
was located centrally, at a location inter¬ 
mediate between the two previously de¬ 
fined air pollution regions. Thus, the data 
from the 1980-1981 school year did not 
allow investigation of the spatial or tem¬ 
poral covariation of air pollution and re¬ 
spiratory health within cities. 

The second aim was to investigate the 
effects of pollutants other than TSP, SOj , 
and SO 4 , particularly measures of fine 
particulate air pollution. Because data 
were available for only six cities, how-^ 
ever, the information differentiating pol¬ 
lutants is somewhat limited. Each pollu¬ 
tant was therefore considered univariate- 
ly, and multivariate comparisons were 
not attempted. 

All of the paniculate measures, TSP, 
PMi,». PMi». and FSO 4 . arc highly cor¬ 
related across the six cities. All are as¬ 
sociated with substantial increases in the 
reponed rates of respiratory illnesses over 
the range of annual'means observed. 
Each of these paniculate measures has 
well-known limitations (12,13). TSP has 
a poorly defined upper size cut that de¬ 
pends on wind speed and direction. PMi« 
may underestimate exposure because of 
coarse panicle loss in shipping (14). PMa 1 
is lightly contaminated by less than ab¬ 
solute separation of panicles at 2.5 pm. 


Source: https://www.industrydocuments.ucsf.edu/docs/rqyx0000 
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The FSO 4 concentration may overesti¬ 
mate sulfur concentrations slightly be¬ 
cause of conversion of SOi to SO4 on the 
filter and the assumption that all sulfur 
is SO* - 

Of the particulate measurements, on¬ 
ly associations with PMii were statisti¬ 
cally significant. Dzubay and Barbour 
(14) have reported a loss of between 19 
and 53 '^^! of coarse particle mass from 
filters during shipping between the sam¬ 
ple site and the laboratory. The poten* 
tial variable loss of coarse particles in 
shipping and handling would normally 
cause concern about the validity of the 
associations with PM»,. However, start¬ 
ing late in 1980, independent measure¬ 
ments of PM,* were made by high- 
volume samplers with sampling heads 
that removed particles with an aero¬ 
dynamic diameter greater than 15 pm. 
Tlie annual mean concentrations for 1981 
from these samplers were 22.8 pg/m* in 
Portage, 37.6 pg/m^ in Topeka, 29.8 
pg/m^ in Watertown, 41.5 pg/m^ in Kings¬ 
ton, 44.3 pg/m^ in St. Louis, and 62.6 
pg/m* in Steubenville. Comparison with 
PM,* concentrations (table 4) shows that 
the inhalable particulates were higher by 
an average of 3.4 pg/m^ and the correla¬ 
tion between the annual means was 0.98. 
Thus, any bias in the PM,* caused by 
shipping losses in these samples must be 
small. Moreover, such randomly variable 
error in the exposure measurement would 
only underestimate the true association. 

Bronchitis and chest illness rates were 
noted to be higher in Kingston than in 
any of the other cities, including Steuben¬ 
ville, which has the highest particulate 
pollution concentrations. Lippmann (15) 
has suggested that these higher respira¬ 
tory illness rates may be due to the acidi¬ 
ty of the suspended particles in Kingston 
and Steubenville. Acidity measuremenu 
were not made in 1980 or 1981, but re¬ 
cent measurements have shown that aero¬ 
sol acidity is in fact higher in Kingston 
and Steubenville (16). 

Sulfur dioxide, which is also correlat¬ 
ed with the particulate measures, has a 
much weaker association with the respi¬ 
ratory symptoms than the particulate 
measures. Similar results were found in 
the earlier study. Nitrogen dioxide annual 
means are higher in the more urbanized 
cities (Watertown and St. Louis) and the 
industrial city (Steubenville) than in the 
more rural cities (Portage. Topeka, and 
Kingston). The association of NO* with 
respiratory symptoms, however, was 
weak. 

Ozone concentrations were highest in 
the most rural community (Portage). 


Ozone is a secondary pollutant formed 
by photochemical reactions as polluted 
air masses move away from the pollution 
source regions. Primary pollutants such 
as nitric oxide (NO) rapidly scavenge O*, 
converting it to molecular oxygen and the 
NO to NOj. Thus, ozone levels tend to 
be low in regions that are sources of these 
primary pollutants such as Steubenville, 
St. Louis, and Watertown and high in 
more pristine areas such as Portage, Tope¬ 
ka, and Kingston^ Negative associations 
of respiratory symptoms with ozone 
probably do not represent a protective 
effea of ozone, but rather indicate the 
negative correlation between ozone and 
other pollutants. 

The third aim was to test for associa¬ 
tions between air pollution and tests of 
pulmonary function potentially more 
sensitive than the previously reported 
FVC and FEV,. Although FEV 4 .y* and^ 
MMEF were more strongly associated 
witrf maternal smoking than were FVC 
or FEV,, there was still no indication of 
chronic effects of air pollution on any 
measure. Lippmann and Lioy (12) has 
suggested that these chronic effects may 
be masked by acute changes in pulmo¬ 
nary function associated with exposure 
on the days or hours immediately before 
the examination. The annual ipulmonary 
function data are being analyzed to 
evaluate such acute effects, and will be 
reported separately. 

The analyses were repeated with strat¬ 
ification on reported asthma or persis¬ 
tent wheeze. Although children' with 
reported asthma or persistent wheeze 
made up only about 10*7© of the sample, 
they accounted for approximately half 
of the children reporting chronic respi¬ 
ratory symptoms. Thus, stratifying by 
reported asthma or wheeze removes a 
substantial source of variability in illness 
and symptom responses. The separate 
regressions permit comparisons of the air 
pollution associations in the two groups 
of children. Positive associations were 
found between bronchitis, chronic cough, 
and chest illness and the particulate 
measures for both groups. The estimat¬ 
ed relative odds of bronchitis and chest 
illness for the particulate measures was 
approximately twice as large for those 
with asthma or wheeze, although these 
differences were not statistically signifi¬ 
cant. In absolute terms, the adjusted 
bronchitis rate for children without asth¬ 
ma or wheeze increased from 2.4% in 
Portage to 5.2% in Steubenville, a rate 
difference of 2 . 8 % (see figure 2 ). chil¬ 
dren with asthma or wheeze, the adjust¬ 
ed bronchitis rate increased from 13.7% 


in Portage to 34.7% in Steubenville, a rate 
difference of 21.0%; Thus, the smaller 
group of children that reported asthma 
or wheeze contributes to most of the 
cases of bronchitis that could be attrib¬ 
uted to air pollution. 

In summary, these analyses provide 
further evidence that there is an increase 
in respiratory symptom reporting across 
the six cities that is associated with an¬ 
nual mean particulate leveb in these com¬ 
munities. Stronger associations were 
found with concentrations of inhalable 
particles, PM,*, although the power to 
differentiate the effects of specific size 
ranges was weak. Unexplained differ¬ 
ences in symptom reporting between 
cities may explained by specific com¬ 
ponents of the particle exposure not con¬ 
sidered, e.g., aerosol acidity. Such asso¬ 
ciations are being investigated in later 
follow-up examinations of these and oth¬ 
er cohorts of children; 

Children with reported persistent 
wheeze or asthma were found to have 
substantially higher reporting rates for 
respiratory illnesses and lower pulmonary 
functions. The proportion of these chil¬ 
dren within the sample varies between 
communities. In the more polluted com¬ 
munities, a large fraction of these chil¬ 
dren are reporting respiratory symptoms. 
Thus, these children appear to be reacts 
ing more in response to air pollution ex¬ 
posure than the rest of the sample. Con¬ 
trolled exposure studies of adolescent 
asthmatics (17) have suggested that such 
children may be especially responsive. 

There was no evidence for an effect 
of pollution exposure on level of pulmo¬ 
nary function, cither in the complete co¬ 
hort or in the children with reported per¬ 
sistent wheeze. Thus, air pollution ex¬ 
posure may increase respiratory symptom 
rates without causing irreversible pulmo¬ 
nary function losses. Nevertheless, al¬ 
though respiratory symptoms may be 
transient, they clearly have health con¬ 
sequences of some importance. In par¬ 
ticular, lesplnu^ry illness in childhood 
has bera reportkl as a risk factor for the 
subsequent development of respiratory 
diseases in adultho^ and also a risk fac¬ 
tor for the d^lopment of COPD in 
smokers (18). Longitudinal analysis of 
dau provided by these children as they 
pass through adolescence may provide 
additional information about the long¬ 
term effects of these pollutant exposures. 
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